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Description 
(TECHNICAL FIELD) 

5 This invention relates to a method of the modification of a Gin residue in the peptide moiety of a fused protein in 
which a peptide is linked through the amide bonding to the N-terminal or C-terminal or to the amino acid sequence of 
a physiologically active protein, more particularly a method of the selective modification of a Gin residue in a physiolog- 
ically active protein with polyethylene glycol, a polysaccharide, a polyamino acid or a branched sugar derivative. 

w (BACKGROUND ART) 

Recently, a number of physiologically active proteins are used or ready to be used as pharmaceutical drugs. Since 
these physiologically active proteins are all easily metabolized, decomposed or excreted when administered to the body 
of animals including human beings, their retention time in blood is short and their target directivity is low, thus posing a 

is problem in that the protein is not accumulated in the affected part in a required amount for a required period of time. 

Various attempts have been made with the aim of overcoming this problem. For example, as described in a report 
by Karte et al (Proc. Natl. Acad. ScL, USA, 84 (1987), pp.1487 - 1491). there is a method in which a physiologically 
active protein is chemically modified with polyethylene glycol. 

However, all such chemical modification methods find difficulty in modifying a specified part of the protein or strictly 

20 controlling the degree of modification. For example, when a protein is modified with polyethylene glycol, polyethylene 
glycol is introduced mainly at the e-position amino group of a lysine residue in the protein, but. since a protein molecule 
generally contains a plurality of lysine residues, polyethylene glycol may be incorporated or not incorporated into a plu- 
rality of lysine residues. As the result, the protein loses its inherent physiological activity in some cases or its quality as 
a pharmaceutical drug cannot be controlled easily. 

25 For these reasons, great concern has been directed toward the development of a method which can modify a spec- 
ified site of a physiologically active protein or can strictly control degree of the modification when the physiologically 
active protein is modified with a modification agent such as polyethylene glycol, a polysaccharide or the like. 

(DISCLOSURE OF THE INVENTION) 

30 

The inventors of the present invention have found that the physiologically active protein can be modified in a posi- 
tion-selective manner with polyethylene glycol, a polysaccharide, a polyamino acid or a branched sugar derivative, and 
the modification degree can be controlled strictly, when a physiologically active protein having a molecular weight of 
from 5 x 10 3 to 2 x 10 5 and containing at least one glutamine residue capable of receiving the action of transglutami- 

35 nase is allowed to react with an amino group donor in the presence of transglutaminase, thereby effecting the formation 
of amido linkage between the ^carboxyamido group of said glutamine residue and the primary amino group of said 
amino group donor, and have accomplished the present invention on the basis of these findings. 

Accordingly, the present invention relates to a method of modifying protein which comprises allowing a physiologi- 
cally active protein having a molecular weight of from 5 x 10 3 to 2 x 10 5 and containing at least one glutamine residue 

40 to react with an amino group donor represented by any one of the following general formulae (I) to (IV) or an alkylamine- 
irttroduced polysaccharide or a modified product thereof in the presence of transglutaminase, thereby effecting the for- 
mation of amido linkage between the rcarboxyamido group of said glutamine residue and the primary amino group of 
the amino group donor. 

45 NH 2 (CH 2 )nT(CH 2 )m(OCH 2 CH 2 )pOR (I) 

NH2(CH2)nT(CH2)m(OCH 2 CH 2 )pT(CH 2 )nNH 2 (II) 

In the above general formulae (I) and (II), n is an integer of 1 to 8, m is an integer of 0 to 2, p is an integer of 1 to 
so 400, T represents a bond selected from -0-, -C(0)0-, - OC(O)-, -NHCO-, -OCNH-, -NHCONH-, -OOCNH- or -HNCOO- 
, and R represents a hydrogen atom, a lower alkyl group having 1 to 5 carbon atoms or a lower acyl group having 2 to 
6 carbon atoms. 
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R (OCH 2 CH 2 )q NHCO, 



R (OCH 2 CH 2 ) q NHCO/ N " ° ° V N H C 0 (C H 2 ) n N H 2 W 



R (OCH 2 CH 2 ) q NHCO 



In the above general formula (III), n is an integer of 1 to 8, q is an integer of 2 to 6, and R represents a galactose, 
a glucose or an N-acetylgalactosamine. 

H 2 N-(CH2) n -NH-CO-r (IV) 



In the above general formula (IV), n is an integer of 1 to 8. and T represents the residue of a polyamino acid exclud- 
ing its terminal carboxyl group. In this connection, component amino acids of ins polyamino acid are not particularly- lim- 
ited, but an acidic or basic amino acid may be preferred from the viewpoint of solubility. Also, preferred amino acid 
polymerization degree is 1 to 400. 
25 The alkylamine-introduced polysaccharide or a modified product thereof is a compound obtained by subjecting the 
reducing end-group of a polysaccharide to reductive amination in the presence of a compound represented by the fol- 
lowing general formula (1) or a salt thereof (hydrochloride or the like) and then eliminating the protecting group V. 



V-NH-(CH 2 ) n -NH 2 (1) 

30 

In the above general formula (1), n is an integer of 1 to 8, and V represents a protecting group generally used for 
the protection of an amino group such as Fmoc (9H-f luoren-9-ylmethoxycarbonyl). 

Examples of such polysaccharide include pullulan, dextran, dextran sulfate, chondroitin sulfate and carboxymeth- 
ylated products thereof, having a molecular weight of 1 x 10 3 to 1 x 10 5 dalton. 
35 The alkylamine-introduced polysaccharide or a modified product thereof can be obtained for example by dissolving 
a polysaccharide or a carboxymethylated polysaccharide in an acetic acid-water-DMF mixture solution or in water, suc- 
cessively adding to the resultant solution a compound of the above general formula (1 ) in an amount of about 1 0 to 1 000 
equivalents, more preferably about 100 equivalents, per 1 equivalent of the polysaccharide and a reducing agent such 
as sodium cyanoboron hydride, maintaining the mixture at a temperature of from room temperature to 80°C, more pref- 
40 erably from 50 to 70°C, for 1 to 3 days whereby the reaction is carried out, and then eliminating the amino group-pro- 
tecting group with an alkali such as diethylamine or 0.1 N NaOH. 

The aforementioned physiologically active protein has a molecular weight of 5 x 10 3 or more, and dansyl cadaver- 
ine can be introduced thereinto when 10 of said physiologically active protein and monodansylcadaverine in an 
amount of 100 equivalents per 1 equivalent of said physiologically active protein are kept at 37°C for 60 minutes in a 
45 100 mM Tris-HCI buffer solution containing 10 mM CaCI 2 and having a pH value of 7.5. in the presence of the afore- 
mentioned transglutaminase. 

The present invention will be described in detail, as follows. 

Examples of the physiologically active protein to be modified with polyethylene glycol, a polysaccharide, a 
polyamino acid or a branched sugar derivative by the method of the present invention include human blood plasma 

so components such as albumin, immunoglobulin, blood coagulation factors and the like; enzymes such as superoxide dis- 
mutase, urokinase and the like; hormones such as growth hormone, erythropoietin and the like; cell growth regulating 
factors such as cell growth factors, cell growth inhibitors and the like; immune reaction controlling factors such as cell 
differentiation, induction, stimulation and the like factors; and biologically active cellular proteins such as monokine, 
cytokine, lymphokine and the like. Origins of these physiologically active proteins are not particularly limited, which 

55 include animals, plants and microorganisms. Also useful are proteins which are produced by integrating genes of the 
above proteins into Escherichia coi'u yeast, Chinese hamster ovary and the like and expressing the integrated genes. 

Physiologically active proteins if having a molecular weight of smaller than 5 x 10 3 have a smaller number of lysine 
residues and the like, and can be controlled to a certain degree with respect to modification quantity, modified position 
and the like even though by a chemical modification method. The effects of the present invention can therefore be exhib- 
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ited more efficiently with respect to physiologically active proteins having a molecular weight of 5 x 10 3 or more. The 
physiologically active protein of the present invention should contain at least one, preferably one or two, glutamine res- 
idues capable of receiving the action of transglutaminase. Whether the glutamine residue(s) in the protein molecule can 
receive the action of transglutaminase is examined in the following manner. A 10 nM portion of a physiologically active 

5 protein and monodansylcadaverine in a 100 equivalent amount per 1 equivalent of the physiologically active protein are 
kept at 37°C for 60 minutes in a 100 mM Tris-HCI buffer containing 10 mM CaCI 2 and having a pH value of 7.5 in the 
presence of transglutaminase. Whether the monodansylcadaverine has been introduced or not can be confirmed by 
whether the protein-originated peak resultant from the reverse phase HPLC analysis gives a fluorescence absorption. 
The transglutaminase to be used in the process of the present invention can be obtained from various origins with 

w no particular limitation, such as from various animal tissues, blood plasma components, and microorganisms. 

Transglutaminase, an enzyme which catalyzes the acyl transfer reaction between the ycarboxyamido group of a 
glutamine (Gin) residue in protein or a peptide chain and the e-amino group of a lysine (Lys) residue or various 
alkylamines, is widely found in various animal tissues, blood cells, blood plasma and the like, in various molecular 
forms. This enzyme catalyzes the cross-linking reaction through the e-(y-glutamyl) lysine-isopeptide bond, and cross- 
is linking fibrin molecules at the last step in blood coagulation, as well as it is found to be concerned with keratinization of 
epidermis cells, coagulation of seminal fluid, healing of wounded tissues, and the like. Since transglutaminase has a 
very high substrate specificity to the Gin residue, there is a possibility that only certain Gin residues in the protein may 
be modified with an alkylamine. E.g., an alkylamine having a terminal sugar unit was introduced into p-casein at its cer- 
tain Gin residue(s), with the use of transglutaminase (TGase) originating from guinea pig liver (Yan, S. C. B. et al, (1 984) 

20 Biochemistry, 23, 3759-3765). Furthermore, a lower molecular weight spermine derivative was introduced into apolipo- 
protein B at its Gin residue(s). with the use of blood coagulation factor XIII (Factor XIII), a transglutaminase found in 
blood plasma (Cocuzzi, E. et al, (1990), Biochem. J., 265, 707-713). As explained just above, the application of trans- 
glutaminase has hitherto been restricted only to the introduction of a lower molecular weight alkylamine into a protein 
already having Gin residue(s) as the substrate, and has never been made for the introduction of a high molecular weight 

25 synthetic compound such as PEG or the like. 

When a protein has no glutamine residues capable of receiving the action of transglutaminase, glutamine resi- 
due^) can be introduced into the protein by preparing a fused protein composed of the protein and a peptide which con- 
tains one or two, preferably one, glutamine residue capable of receiving the action of transglutaminase. In this case, 
such a starting protein has a molecular weight of from 5 x 10 3 to 2 x 10 5 . Also, it should have a physiological activity. 

30 In order to suppress side reactions to the minimum, it is desirable to purify the physiologically active protein. 

The aforementioned peptide is composed of 3 to 20 a-L-amino acid residues and has a glutamine residue between 
at or after the second position from its N -terminal and at or before the second position from its C-terminal, into which 
peptide monodansylcadaverine can be introduced when 10 hM of said peptide and monodansylcadaverine in a 100 
equivalent amount per 1 equivalent of said peptide are kept at 37°C for 60 minutes in a 100 mM Tris-HCI buffer contain- 

35 ing 10 mM CaCI 2 and having a pH value of 7.5 in the presence of the aforementioned transglutaminase. 

According to the findings by the present inventors, those peptides into which monodansylcadaverine can be intro- 
duced under such conditions can react with an amino group donor represented by any one of the aforementioned gen- 
eral formulae (I) to (IV) or an alkylamine-introduced polysaccharide or a modified product thereof by the action of 
transglutaminase, while those peptides into which monodansylcadaverine can not be introduced under such conditions 

40 do not react with these amino group donors by the same enzyme. 

Though the peptide should be composed of at least 3 amino acid residues, too many residues will exert influence 
upon the properties of the protein and require complex steps for its synthesis. 
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Illustrative examples of the peptide are shown in Table 1 . 



Table 1 



5 


QAQSKGNPE 


Q 


TPVLKPEEEA 




RGTCVAAED 


Q 


RPINYCETGL 




VDGGCSHLG 


Q 


SYADRDVWKP 


10 


SSGTGSTGN 


Q 


NPGSPRPGST 




ESSVSGSTG 


Q 


WHSESGSFRP 




NRLTIGEGQ 


Q 


HHLGGAKGAG 




EA 


Q 


QIVQPQSPLT 


15 


KPKMCPQLQ 


Q 


YEMHGPEGLR 




N 


Q 


EQ 




HS 


Q 


GTFTSDYSKY 


20 


SKYLDSRRA 


Q 


DFVQWLMNT 




PPQSVLSLS 


Q 


SKVLPVPEKA 




ALW 


Q 


FRSMIKCAIP 




AKKKRSRFD 


Q 


DVLN 


25 


LISWIKRKR 


Q 


Q 




QAWFIENEE 


Q 


EYVQTVKSSK 




PSIVGRPRH 


Q 


GVMVGMGQKD 


30 


ASNHET 


Q 


AGKPQPLNPK 




AE 


Q 


HSTPEQAAAG 




ETQTV 


Q 


QELESLPTTK 




EAQLELPEQ 


Q 


VGQPKHLEQQ 


35 


SSGGGGFSG 


Q 


AVQCQSYGGV 




GSGSGYVSS 


Q 


QVTQTSCAPQ 




GYVSSQQVT 


Q 


TSCAPQPSYG 


40 


KYGVTDKIS 


Q 


VSTGGGASLE 




GGFMYSDKS 


Q 


TPLV 




MRPKP 


Q 


QFFGLM 


45 


RFSNCGLGS 


Q 


AGIRDMRGGF 



so 
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Meaning of the single letter code in Table 1 is shown in Table 2. 

Table 2 
G glycine 
A alanine 

V valine 
L leucine 
I isoleucine 
S serine 
T threonine 
C cysteine 
M methionine 
D aspartic acid 
E glutamic acid 
N asparagine 
Q glutamine 
K lysine 
H histidine 
R arginine 
F phenylalanine 

Y tyrosine 
W tryptophan 
P proline 



35 

In the above-mentioned peptides, the glutamine residues shown as a 10th residue counted from the N-terminal 
serve as the substrate by transglutaminase. The peptides described above can be used, even when amino acid resi- 
due(s) have been removed from the N-terminal or C-terminal thereof. The peptides composed of less than 20 residues 
can be also used, even when amino acid residue(s) have been added thereto. In addition, some amino acid residue(s) 
40 in the above peptides may be substituted with other amino acid residue(s), with the proviso that reactivity of the 
glutamine residue as the substrate by transglutaminase does not change greatly. 

A fused protein composed of the aforementioned protein and the aforementioned peptide can be prepared by intro- 
ducing the peptide at the N-terminal or C-terminal of the protein or at the amino acid sequence of the protein. Introduc- 
tion of the peptide into the protein may be effected simply and easily by preparing a corresponding DNA fragment and 
45 expressing the DNA fragment in a microbial host 

Illustratively, such fused proteins may be prepared in the following manner. 

The introduction at the N-terminal may be carried out, e.g., as described in Examples 1 to 6. A human interleukin- 
2 (hlL-2) expression plasmid pT13SNCo (N. Tonouchi era/., J. Biochem.. 104, 30 - 34 (1988)) is digested with restriction 
enzymes C/al and fVcol and ligated with a synthetic DNA fragment derived from a peptide shown in Table 1. The thus 
so constructed plasmid is transformed into an E. colt strain to allow the strain to produce a fused protein in which the pep- 
tide containing a G!n residue is introduced at the N-terminal. 

The introduction at the C-terminal can be effected, e.g., in accordance with the human superoxide dismutase 
(SOD)-related fused protein construction method (M. Inoue et a/., FEBS LETTERS (1990) 269. 1 . 89 - 92). That is. an 
SOD expression plasmid pBRSOD is digested with restriction enzymes BamHI and Sa/I and ligated with a synthetic 
55 DNA fragment derived from a peptide shown in Table 1 , such as Met-Lys-Pro-Gin-Gln-Phe-Phe-Gly-Leu. The thus con- 
structed plasmid is transformed into a yeast strain to allow the strain to produce a fused protein in which the peptide 
containing a Gin residue is introduced at the C-terminal of SOD. 

The introduction at the amino acid sequence can be carried out, e.g., as follows. An expression plasmid is con- 
structed in which a DNA sequence of the hlL-2 expression plasmid is partly substituted so that the N-terminal side 5 
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amino acid residues of hlL-2 are changed from Ala-Pro-Tyr-Ser-Ser to Lys-Pro-Gln-GIn-Phe. The thus constructed 
plasmid is transformed into an £ coli strain t allow the strain to produce a fused protein in which a Gin r sidu -con- 
taining peptide is introduced into the amino acid sequence, replacing the N-terminal side 5 amino acid residues of hlL- 
2. 

s The vector to be used for the introduction of a desired DNA is not particularly limited, and any vector so far known 
may be used. For example, the following vectors may be used. That is, vectors (stringent type: pSC101, pRK353, 
pRK646. pRK248. pDF41 and the like, and EK type plasmid vectors (relaxed type: ColE1, pVH51. pAC105. RSF2124, 
pCR1, pMB9, pBR313, pBR322, pBR324, pBR325, pBR327, pBR328, pKY2289. pKY2700, pKN80, pKC7, pKB158, 
pMK2004, pACYCl, pACYCl84, dul and the like) and Agt type phage vectors (Xgt.Xc, AgtXB, X^ ES .XC t h^^XB, X^. 

10 vir., A.B, X AL o.Xb, *wes-Ts622' A^am and the like). 

Hosts for these vectors are also not particuarly limited, and bacteria, yeasts and the like may be used, out of which 
£ coli is well studied and therefore particularly useful. 

The amino group donors, being polyethylene glycol derivatives, are compounds represented by the aforementioned 
general formula (I) or (II). No special methods are required for the preparation of these amino group donors, as will be 

15 described in the following. 

Firstly, synthesis of the compounds of the general formula (I) can be effected, in the following manner for example. 
That is, in the case the bonding T is an acid amide bonding, the compound of interest can be obtained by a method 
in which an alkylamine having an amino group (Ta) and a methoxypolyethylene glycol having a carboxylic group (Tb), 
or the two compounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other under 

20 dehydration condensation conditions, namely, in an inert solvent (for example, acetonitrile, dimethyiformamide, methyl- 
ene chloride, ethylene chloride or the like) in the presence of an appropriate catalyst (for example, N-hydroxysuccinim- 
ide, N,N'-dicyclchexylcarbodiimide, 1-hydroxybenzotriazclc or the like), at a reaction temperature of from G°G to room 
temperature for 1 to 24 hours. 

Also, in the case the bonding T is an ester bonding, the compound of interest can be obtained by a method in which 

25 an alkylamine having a hydroxyl group (Ta) and a methoxypolyethylene glycol having a carboxylic group (Tb), or the two 
compounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other under dehydration 
condensation conditions, namely, in an inert solvent (for example, acetonitrile, dimethyiformamide, methylene chloride, 
ethylene chloride or the like) in the presence of an appropriate catalyst (for example, N-hydroxysuccinimide, N.N'-dicy- 
clohexylcarbodiimide, 1-hydroxybenzotriazole or the like), at a reaction temperature of from 0°C to room temperature 

30 for 1 to 24 hours. 

Also, in the case the bonding T is an ether bonding, the compound of interest can be obtained by a method in which 
an alkylamine having a halogen atom or an O-tosyl group (Ta) and a methoxypolyethylene glycol having a hydroxyl 
group (Tb) and treated with a hydride reagent such as sodium hydride, potassium hydride or the like, or the two com- 
pounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other in an inert solvent (for 
35 example, dimethyiformamide, tetrahydrofuran or the like) at a reaction temperature of from room temperature to 100°C 
for 1 to 48 hours. 

Also, in the case the bonding T is a ur ethane bonding, the compound of interest can be obtained by a method in 
which an alkylamine having an amino group (Ta) and a methoxypolyethylene glycol having a hydroxyl group (Tb) and 
converted to the corresponding isocyanate in a usual way (for example, treatment with 1,1 -carbonyldiimidazole), or the 

40 two compounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other in art inert sol- 
vent (for example, ether, tetrahydrofuran, 1 ,4-dioxane or the like) in the presence of an appropriate catalyst (for exam- 
ple, a base such as triethylamine, sodium bicarbonate or the like), at a reaction temperature of from 0°C to room 
temperature for 0.5 to 24 hours. 

Next, synthesis of the compounds of the general formula (II) can be effected, for example, as follows. 

45 That is, in the case the bonding T is an acid amide bonding, the compound of interest can be obtained by a method 
in which an alkylamine having an amino group (Ta) and a polyethylene glycol having a carboxylic group (Tb), or the two 
compounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other under dehydration 
condensation conditions, namely, in an inert solvent (for example, acetonitrile, dimethyiformamide, methylene chloride, 
ethylene chloride or the like) in the presence of an appropriate catalyst (for example, N-hydroxysuccinimide, N.N'-dicy- 

50 clohexylcarbodiimide, 1-hydroxybenzotriazole or the like), at a reaction temperature of from 0°C to room temperature 
for 1 to 24 hours. 

Also, in the case the bonding T is an ester bonding, the compound of interest can be obtained by a method in which 
an alkylamine having a hydroxyl group (Ta) and a polyethylene glycol having a carboxylic group (Tb), or the two com- 
pounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other under dehydration con- 
55 densation conditions, namely, in an inert solvent (for example, acetonitrile, dimethyiformamide, methylene chloride, 
ethylene chloride or the like) in the presence of an appropriat catalyst (for example, N-hydroxysuccinimide, N.N'-dicy- 
clohexylcarbodiimide, 1-hydroxybenzotriazole or the like), at a reaction temperature of from 0°C to room temperature 
for 1 to 24 hours. 
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Also, in the case the bonding T is an ether bonding, the compound of interest can be obtained by a method in which 
an aikyiamine having a halogen atom or an O-tosyl group (Ta) and a polyethylene glycol having a hydroxyl group and 
treated with a hydride reagent such as sodium hydride, potassium hydride or the like, or the two compounds having the 
reverse relation in respect of Ta and Tb, are allowed to react with each other in an inert solvent (for example, dimethyl- 

5 formamide, tetrahydrofuran or the like) at a reaction temperature of from room temperature to 100°C for 1 to 48 hours. 
Also, in the case the bonding T is a urethane bonding, the compound of interest can be obtained by a method in 
which an aikyiamine having an amino group (Ta) and a polyethylene glycol having a hydroxyl group (Tb) and converted 
to the corresponding isocyanate in a usual way (for example, treatment with 1 ,1 -carbonyldiimidazole), or the two com- 
pounds having the reverse relation in respect of Ta and Tb, are allowed to react with each other in an inert solvent (for 

w example, ether, tetrahydrofuran, 1 ,4-dioxane or the like) in the presence of an appropriate catalyst (for example, a base 
such as triethylamine, sodium bicarbonate or the like), at a reaction temperature of from 0°C to room temperature for 
0.5 to 24 hours. 

Next, synthesis of the compounds of the general formula (III) can be effected for example in the following manner. 
That is, the compound of interest can be obtained by a method in which a branched type skeletal structure is first 

15 constructed making use of glutamic acid in accordance with the method disclosed in Japanese Patent Application Laid- 
open (Kokai) No. Hei 5-202085, and then allowed at the carboxyl group of glutamic acid to react with the amino group 
of a triethylene glycol amine derivative of sugar whose sugar hydroxyl groups are protected with acetyl groups under 
dehydration condensation conditions, namely, in an inert solvent (for example, acetonitrile, dimethylformamide, methyl- 
ene chloride, ethylene chloride or the like) in the presence of an appropriate catalyst (for example, N-hydroxysuccinim- 

20 ide, N,N'-dicyclohexylcarbodiimide, 1-hydroxybenzotriazole or the like), at a reaction temperature of from 0°C to room 
temperature for 1 to 24 hours. 

Next, synthesis of the compounds of the general formula (iV) can be effected for example in the following manner. 
That is, the compound of interest can be obtained by the a-amino acid-N-carboxylic acid anhydride (hereinafter 
referred to as NCA) method, a homopolypeptide polymelization method, in which an amino acid NCA is allowed to 

25 undergo the reaction using an alkyldiamine compound as an initiator of which one of the amino groups is protected with 
a Z group, in an inert solvent (dioxane, tetrahydrofuran, benzene, nitrobenzene, dichloroethane, dimethylformamide or 
the like). By controlling concentrations of the initiator, the average chain length can be controlled. 

Finally synthesis of the alkylamine-introduced polysaccharides and modified products thereof can be effected for 
example in the following manner. 

30 That is, the compound of interest can be obtained with reference to the method of the selective modification of the 
reducing end of dextran reported by M. Yalpani et a/. (J. Polym. Sci. Polym. Chem., 23, 1395 - 1405 (1985)), namely, by 
a method in which a polysaccharide such as dextran, pullulan, dextran sulfate, chondroitin sulfate or the like having an 
average molecular weight of 1 KDa to 100 KDa or a modified product thereof obtained by substituting the hydrogen 
atoms of some of its hydroxyl groups with carboxy CyC^ alkyl groups, is added with both an alkyldiamine compound of 

35 which one of the amino groups is protected with a Fmoc group and sodium cyanoboron hydride, both in excess 
amounts over the polysaccharide, in an appropriate solvent (for example, 0.1% acetic acid solution, its mixture with 
dimethylformamide or the like), and the mixture is incubated at a reaction temperature of from room temperature to 
80°C to effect reductive amination of the reducing end of the polysaccharide, followed by removing the protecting 
groups. 

40 Reaction of each of these physiologically active proteins with each of these amino group donors in the presence of 
transglutaminase is, in short, effected under enzyme reaction conditions of transglutaminase, for example by incubating 
a physiologically active protein, an amino group donor and transglutaminase in an aqueous solvent having a pH value 
of from 6.0 to 8,0, more preferably around pH 7.5, at a temperature of from 25 to 40°C, more preferably around 37°C, 
for a period of 30 minutes to 2 hours. In this reaction, the concentration of the physiologically active protein may be pref- 

45 erably within the range of from 1 to 30 nM, and that of the amino group donor may be preferably within the range of from 
100 jiM to 30 mM. Preferably, concentration ratio of the physiologically active protein to the amino group donor may be 
within the range of from 1 :100 to 1 :5000, more preferably from 1 :500 to 1 :1000. In addition, transglutaminase may be 
used in an amount of from 0.1 to 10 units per 1 mmol of the protein. 

The thus obtained physiologically active protein modified with an amino group donor can be separated and purified 

so from the aqueous solvent by employing an appropriate combination of techniques known in the art, such as dialysis, gel 
filtration, ion exchange chromatography and the like. 

The modified positions of any modified protein can be identified for example by carboxymethylating the Cys resi- 
dues of a freeze-dried sample of the amino group donor-modified protein with monoiodoacetic acid in the presence of 
a denaturarrt, hydrolyzing the resultant product with an enzyme such as trypsin or the like, and then preparing a peptide 

55 map of the resultant peptides by a reversed phase HPLC or a capillary electrophoresis. On the other hand, a peptide 
map of the unmodified protein is prepared under the same conditions. The peptide peaks of both maps are compared 
to determine the modified peptide chain(s) and Gin residue(s). 
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(BRIEF EXPLANATION OF THE DRAWINGS) 

Fig. 1 is a graph showing the construction of a fused protein rSP-IL-2 expression plasmid pTSPIL-2 (Example 1). 

Fig. 2A is a graph showing the reactions involved in Example 7. 
5 Fig. 2B is a graph showing the reactions involved in Example 7. 

Fig. 2C is a graph showing the reactions involved in Example 7. 

Fig. 2D is a graph showing the reactions involved in Example 7. 

Fig. 2E is a graph showing the reactions involved in Example 7. 

Fig. 3A is a graph showing the results in Example 19. 
w Fig. 3B is a graph showing the results in Example 1 9. 

Fig. 4 is a graph showing the behavior of rSP-IL-2 derivatives in the living body (Example 21). 

(BEST MODE FOR CARRYING OUT OF THE INVENTION) 

is The following examples are provided to further illustrate the present invention. 

Example 1 (Construction of plasmid pTSPIL-2 for direct expression of fused protein rSP-IL-2 and production thereof): 

An expression plasmid pT13SNco (E coli FERM P-10757) prepared by integrating hlL-2 cDNA into an expression 
20 vector containing a tryptophan promoter trp P/O was digested with restriction enzymes C/al and A/col, and, using T4 
DNA ligase, the larger one of the resulting fragments was ligated with synthetic DNA fragments ( 5 CGTTAAATGCGTC- 
GAAAAGGGG AGG AGTTGTTGGGTGT 3 and 5 G ATG AG ACGG AAG AAGTGGTGGGGTTTTGG AGGG ATTTAA 3 ) having 
a nucleotide sequence which encodes an amino acid sequence (Met-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu) 
designed from a physiologically active peptide substance-P (SP) (cf. Fig. 1). A 15 ml portion of the resulting plasmid 
25 solution was gently mixed with 100^1 of an ice-cooled suspension of E co//HB101 (ATCC 33694) competent cells, and 
the mixture was allowed to stand for 3 minutes in an ice bath and then subjected to heat treatment for 90 seconds in a 
water bath controlled at 42°C. Thereafter, the thus treated suspension was again allowed to stand for 2 minutes in the 
ice bath, added to 3 ml of 2 x TY medium (1 .6% trypton. 1% yeast extract and 0.5% NaCI), and then subjected to static 
culture at 30°C for 60 minutes. 

30 A 1 00 \i\ portion of the resulting culture broth was spread on LB agar medium (1% trypton, 0.5% yeast extract and 
0,5% NaCI) plate which had been supplemented with ampicillin (100 ng/ml) and cultured overnight at 30°C. The ampi- 
cillin-resistant colonies formed by the culturing were picked up and again spread on the same ampicillin-containing agar 
plate to obtain an rSP-IL-2 producer strain (E coli HB1014)TSPIL-2, which was first deposited under Accession No. 
FERM P-14369 on June 14, 1994, and converted later to a Budapest Treaty international deposit under Accession No. 

35 FERM BP-5013 as of February 23, 1995, in National Institute of Bioscience and Human Technology, Agency of Indus- 
trial Science and Technology, Japan). In this instance, the plasmid DNA was isolated and purified from the cells of the 
thus obtained strain and subjected to both restriction enzyme mapping and DNA nucleotide sequence analysis to con- 
firm that the plasmid was the pTSPIL-2 of interest. 

Production of rSP-IL-2 (i.e., a fused protein having the amino acid sequence of substance-P(SP) at the N-terminal 

40 of IL-2) was carried out in the following manner. 

That is, the rSP-IL-2 producer strain (E co//HB101/pTSPIL-2, i.e., E. coli FERM BP-5013) was cultured overnight 
at 28°C on 2 x TY medium, and a 10 ml portion of the culture broth was inoculated into 100 ml of M9 Casamino acid- 
mixted medium (Na 2 HP0 4 0.6%, KH 2 P0 4 0.3%, NaCI 0.05%, NH 4 CI 0.1%, MgS0 4 2 mM, glucose 0.2%, CaCI 2 0.1 
mM and Casamino acid 0.2%) containing ampicillin (100 jig/ml), L-leucine (200 jig/ml), L-proline (200 ng/ml) and thia- 

45 mine hydrochloride (2.0 fig/ml) and subjected to shaking culture at 28°C. After 9 hours of the flask culture, indoleacrylic 
acid (IAA) was added to a final concentration of 25 ng/ml, and the culturing was continued at 31.5°C for additional 14 
hours. 

When a portion of the culture broth was sampled and observed under a phase-contrast microscope (magnification, 
1000 to 1500), inclusion bodies in the form of granules were found in thinly elongated E coli cells. Thereafter, the cul- 

so ture broth was subjected to centrifugation (8000 rpm, 5 minutes) to collect the cells, which were subsequently frozen. 
The thus collected cells were suspended in 20 mM Tris-HCI buffer (pH 8.0) containing 30 mM NaCI and subse- 
quently added with egg lysozyme to a final concentration of 0.2 mg/ml. By 1 hour of standing in an ice bath, the cells 
were made into spheroplasts. Next, the cells were subjected to an ultrasonication treatment to take out the inclusion 
bodies. Subsequently, an insoluble fraction was obtained by centrifugation (6000 rpm, 15 minutes). To the insoluble 

55 fraction was added 10 mM of EDTA (pH 6.0), and the precipitates were suspended to make a suspension of r com* 
binant SP-IL-2 (rSP-IL-2) inclusion bodies. A 20 mM Tris-HCI buffer (pH 8.0) containing 8 M guanidine hydrochloride 
was added to the thus prepared suspension in such an amount that the concentration of guanidin hydrochloride in the 
suspension was adjusted to 6 M, and the mixture was allowed to stand for 30 minutes at room temperature to solubilize 
the rSP-IL-2. 
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The thus solubilized rSP-IL-2 solution was adjusted to a protein concentration of 50 to 1 00 ng/ml with a 20 mM Tris- 
HCI buffer (pH 8.0) containing 10 mM of reduced type glutathione and 1 mM of oxidized type glutathione. The mixture 
was allowed to stand overnight at room temperature, whereby the stereostructure of the rSP-IL-2 was regenerated. In 
this instance, formation of intramolecular disulfide bonding from the denatured protein was confirmed by the shift in elu- 

5 tion position of the protein using the reversed phase HPLC. 

The solubilized rSP-IL-2 solution was applied onto a "Sephadex G-25" column which had been equilibrated in 
advance with a 50 mM acetic acid buffer (pH 6.0) and eluted with the same buffer. By monitoring the eluates by their 
absorbance at 280 nm, an eluate fraction of the fused protein free from the denaturant was obtained. The thus obtained 
eluate fraction was applied onto a "CM-Sepharose" column to effect adsorption of the rSP-IL-2 with a 50 mM acetic acid 

10 buffer (pH 6.0), the column was washed and then the protein was gradient-eiuted by increasing the salt concentration 
to 500 mM at the same pH value. The above eluate fraction showing absorbance at 280 nm was purified using a "YMC- 
CeAP" column (300 x 10 mm, manufactured by Yamamura Kagaku Co.), and then the buffer was exchanged with a pre- 
servative buffer. 50 mM acetic acid buffer (pH 5.0) containing 0.25 M of NaCI, using the "Sephadex G-25" column. 
With respect to the purity of the thus purified product, SDS-PAGE analysis (using "Homogenious 20" gel) making 

is use of "Phast System" (manufactured by Pharmacia) revealed that the purified product showed a band of only the main 
product among the proteins in the insoluble granules, and its molecular weight was larger than that of rhiL-2 (i.e., 
recombinant hlL-2) by about 1 KDa. In addition, when the N-terminal amino acid sequence of the purified product was 
analyzed by the Edman degradation, it was confirmed that the product had a structure in which the amino acid 
sequence of interest was added to the N-terminal side of the hlL-2. Protein concentration was calculated by defining 

20 the molar absorption coefficient of rSP-IL-2 at 280 nm as 1 .2 x 10 4 M* 1 cm" 1 (protein recovery yield, about 20%). 

Example 2 (Construction of plasm id pTXl!L-2 for direct expression of fused protein rXI -IL-2 and production thereof): 

In accordance with the procedure described in Example 1 , the expression plasmid pT13SNco prepared by integrat- 
es ing hlL-2 cDNA into an expression vector containing a tryptophan promoter trp P/O was digested with restriction 
enzymes C/al and A/col, and, using T4 DN A ligase, the larger one of the resulting fragments was ligated with synthetic 
DNA fragments ( 5 CGTTAAATGCGTCCAAAACCTCAGCAGTT 3 and 5 CATGAACTGCTGAGGTTTTGGACGCATT- 
TAA 3 ) having a nucleotide sequence which encodes Met-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Met. The thus obtained plas- 
mid pTX1IL-2 was introduced into E. coli HB101 (ATCC 33694) to select ampiciilin-resistant colonies. With respect to 
30 the thus selected colonies, restriction enzyme digestion analysis and determination of partial nucleotide sequences 
around the binding sites were carried out to select a pTX1IL-2-containing strain (£ co//HB101/pTX1IL-2, which was 
first deposited under Accession No. FERM P-14368 on June 14, 1994, and converted later to a Budapest Treaty inter- 
national deposit under Accession No. FERM BP-5012 as of February 23, 1995, in National Institute of Bioscience and 
Human Technology, Agency of Industrial Science and Technology, Japan). 
35 Production of recombinant X1 - IL-2 (rX1 -IL-2, i.e., a fused protein having the amino acid sequence of Met-Arg-Pro- 
Lys-Pro-Gln-G!n-Phe-Met at the N-terminal of IL-2) was also earned out in accordance with the procedure of Example 

1. With respect to the purity of the purified product, SDS-PAGE analysis (using "Homogenious 20" gel) making use of 
"Phast System" (manufactured by Pharmacia) revealed that the purified product gave a band of protein only at the posi- 
tion corresponding to a molecular weight which was larger than that of rhlL-2 by about 0.5 KDa. In addition, when the 

40 N-terminal amino acid sequence of the purified product was analyzed by the Edman degradation, it was confirmed that 
the product had a structure in which the amino acid sequence of interest was added to the N-terminal side of the hi L- 

2. Protein concentration was calculated by defining the molar absorption coefficient of rX1 -IL-2 at 280 nm as 1 .2 x 10 4 
M" 1 cm" 1 (protein recovery yield, about 20%). 

45 Example 3 (Construction of plasmid pTX2IL-2 for direct expression of fused protein rX2-IL-2 and production thereof): 

In accordance with the procedure described in Example 1 , the expression plasmid pT13SNco prepared by integrat- 
ing hlL-2 cDNA into an expression vector containing a tryptophan promoter trp P/O was digested with restriction 
enzymes C/al and A/col, and, using T4 DNA ligase, the larger one of the resulting fragments was ligated with synthetic 

so DNA fragments ( 5 CGTTAAATGCCAAAACCTCAGCAGTT 3 and 5 C ATG AACTGCTG AGGTTTTGGC ATTTAA 3 ) having 
a nucleotide sequence which encodes Met-Pro-Lys-Pro-Gln-Gln-Phe-Met. The thus obtained plasmid pTX2IL-2 was 
introduced into E. coli HB1 01 (ATCC 33694) to select ampiciilin-resistant colonies. With respect to the thus selected col- 
onies, restriction enzyme digestion analysis and determination of partial nucleotide sequences around the binding sites 
were carried out to select a pTX2IL-2-corrtaining strain (£ coli HB101/pTX2IL-2 p which was first deposited under 

55 Accession No. FERM P-14370 on June 14, 1994, and converted later to a Budapest Treaty international deposit under 
Accession No. FERM BP-5014 as of February 23, 1995, in National Institute of Bioscience and Human Technology, 
Agency of Industrial Science and Technology, Japan). 

Production of recombinant X2-IL-2 (rX2-IL-2, i.e., a fused protein having the amino acid sequence of Met-Pro-Lys- 
Pro-GIn-Gln-Phe-Met at the N-terminal of IL-2) was also carried out in accordance with the procedure of Example 1. 
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With respect to the purity of the purified product. SDS-PAGE analysis (using "Homogenious 20" gel) making use of 
"Phast System" (manufactured by Pharmacia) revealed that the purified product gave a band f protein only at the posi- 
tion corresponding to a molecular weight which was larger than that of rhlL-2 by about 0.5 KDa. In addition, when the 
N-terminal amino acid sequence of the purified product was analyzed by the Edman degradation, it was confirmed that 
5 the product had a structure in which the amino acid sequence of interest was added to the N-terminal side of the hlL- 
2. Protein concentration was calculated by defining the molar absorption coefficient of rX2-IL-2 at 280 nm as 1.2 x 10 4 
M" 1 cm' 1 (protein recovery yield, about 20%). 

Example 4 (Construction of plasmid pTX3IL-2 for direct expression of fused protein rX3-IL-2 and production thereof): 

10 

In accordance with the procedure described in Example 1 , the expression plasmid pT13SNco prepared by integrat- 
ing hlL-2 cDNA into an expression vector containing a tryptophan promoter trp P/O was digested with restriction 
enzymes C/al and A/col, and, using T4 DNA ligase, the larger one of the resulting fragments was ligated with synthetic 
DNA fragments ( 5 CGTTAAATG AAAC CTC AGC AGTT 3 ' and 5 CATGAACTGCTGAGGTTTCATTTAA 3 ) having a nude- 

15 otide sequence which encodes Met-Lys-Pro-Gln-Gln-Phe-Met. The thus obtained plasmid pTX3IL-2 was introduced 
into E. coli HB101 (ATCC 33694) to select ampicillin-resistartt colonies. With respect to the thus selected colonies, 
restriction enzyme digestion analysis and determination of partial nucleotide sequences around the binding sites were 
carried out to select a pTX3IL-2 -containing strain (£ coli HB101/pTX3IL-2, which was first deposited under Accession 
No. FERM P-14373 on June 14, 1994. and later converted to a Budapest Treaty international deposit under Accession 

20 No. FERM BP-5017 as of February 23, 1995, in National Institute of Bioscience and Human Technology, Agency of 
Industrial. Science and Technology, Japan). 

Production of recombinant X3-IL-2 (rX3-IL-2, i.e., a fused protein having the amino acid sequence of Mei-Lys-Pro- 
Gln-GIn-Phe-Met at the N-terminal of IL-2) was also carried out in accordance with the procedure of Example 1 . With 
respect to the purity of the purified product, SDS-PAGE analysis (using "Homogenious 20" gel) making use of "Phast 

25 System" (manufactured by Pharmacia) revealed that the purified product gave a band of protein only at the position cor- 
responding to a molecular weight which was larger than that of rhlL-2 by about 0.5 KDa. In addition, when the N-termi- 
nal amino acid sequence of the purified product was analyzed by the Edman degradation, it was confirmed that the 
product had a structure in which the amino acid sequence of interest was added to the N-terminal side of the hlL-2. Pro- 
tein concentration was calculated by defining the molar absorption coefficient of rX3-IL-2 at 280 nm as 1.2 x 10 4 M' 1 

30 cm* 1 (protein recovery yield, about 20%). 

Example 5 (Construction of plasmid pTX4IL-2 for direct expression of fused protein rX4-IL-2 and production thereof): 

In accordance with the procedure described in Example 1 , the expression plasmid pT13SNco prepared by integrat- 

35 ing hlL-2 cDNA into an expression vector containing a tryptophan promoter trp P/O was digested with restriction 
enzymes C/al and Nco\, and, using T4 DNA ligase, the larger one of the resulting fragments was ligated with synthetic 
DNA fragments ( 5 CGTTAAATGGCTCTGTGTGG C AGTTTCG 3 and 5 C ATGCGAAACTGCCAC AGAGCCATTTAA 3 ) 
having a nucleotide sequence which encodes Met-AIa-Leu-Trp-Gln-Phe-Arg-Met. The thus obtained plasmid pTX4IL-2 
was introduced into E. coli HB101 (ATCC 33694) to select ampicillin-resistant colonies. With respect to the thus 

40 selected colonies, restriction enzyme digestion analysis and determination of partial nucleotide sequences around the 
binding sites were carried out to select a pTX4IL-2-containing strain (E. coli HB1 01/pTX4IL-2, which was first deposited 
under Accession No. FERM P-14371 on June 14, 1994, and later converted to a Budapest Treaty international deposit 
under Accession No. FERM BP-5015 as of February 23, 1995, in National Institute of Bioscience and Human Technol- 
ogy, Agency of Industrial Science and Technology, Japan). 

45 Production of recombinant X4-IL-2 (rX4-IL-2, i.e.. a fused protein having the amino acid sequence of Met-Ala-Leu- 
Trp-Gln-Phe-Arg-Met at the N-terminal of IL-2) was also carried out in accordance with the procedure of Example 1. 
With respect to the purity of the purified product. SDS-PAGE analysis (using "Homogenious 20" gel) making use of 
"Phast System" (manufactured by Pharmacia) revealed that the purified product gave a band of protein only at the posi- 
tion corresponding to a molecular weight which was larger than that of rhlL-2 by about 0.5 KDa. In addition, when the 

so N-terminal amino acid sequence of the purified product was analyzed by the Edman degradation, it was confirmed that 
the product had a structure in which the amino acid sequence of interest was added to the N-terminal side of the hlL- 
2. Protein concentration was calculated by defining the molar absorption coefficient of rX4-f L-2 at 280 nm as 1 .75 x 1 0 4 
M" 1 cm' 1 (protein recovery yield, about 20%). 

55 Example 6 (Construction of plasmid pTX5iL-2 for direct expression of fused protein rX5-IL-2 and production thereof): 

In accordance with the procedure described in Example 1 , the expression plasmid pT1 3SNco prepared by integrat- 
ing hlL-2 cDNA into an expression vector containing a tryptophan promoter trp P/O was digested with restriction 
enzymes C/al and Nco\, and, using T4 DNA ligase, the larger one of the resulting fragments was ligated with synthetic 



11 



EP 0 725 145 A1 

DNA fragments ( 5 CGTTAAATGGCTCAGC AGATCGT 3 and ^CATGACGATCTGCTGAGCCATTTAA 3 ) having a nucle- 
otide sequence which encodes Met-Ala-Gln-Gln-lle-val-Met. The thus obtained plasmid pTX5IL-2 was introduced into 
E. CO//HB101 (ATCC 33694) to select ampicillin-resistant colonies. With respect to the thus selected colonies, restric- 
tion enzyme digestion analysis and determination of partial nucleotide sequences around the binding sites were carried 

5 out to select a pTX5IL-2-containing strain (£. coli HB1014>TX5IL-2, which was first deposited under Accession No. 
FERM P-14372 on June 14, 1994, and later converted to a Budapest Treaty international deposit under Accession No. 
FERM BP-5016 as of February 23, 1995, in National Institute of Bioscience and Human Technology, Agency of Indus- 
trial Science and Technology, Japan). 

Production of recombinant X5-IL-2 (rX5-IL-2, i.e., a fused protein having the amino acid sequence of Met-Ala-Gln- 

10 Gln-lle-Val-Met at the N-terminal of IL-2) was also carried out in accordance with the procedure of Example 1. With 
respect to the purity of the purified product, SDS-PAGE analysis (using "Homogenious 20" gel) making use of Thast 
System" (manufactured by Pharmacia) revealed that the purified product gave a band of protein only at the position cor- 
responding to a molecular weight which was larger than that of rhlL-2 by about 0.5 KDa. In addition, when the N-termi- 
nal amino acid sequence of the purified product was analyzed by the Edman degradation, it was confirmed that the 

15 product had a structure in which the amino acid sequence of interest was added to the N-terminal side of the hlL-2. Pro- 
tein concentration was calculated by defining the molar absorption coefficient of rX5-IL-2 at 280 nm as 1.2 x 10 4 M' 1 
cm' 1 (protein recovery yield, about 20%). 

Example 7 (Synthesis example): 

20 

Reactions involved in this example are shown in Fig. 2A to Fig. 2E. 
(a) Synthesis of Compound 1-1 

25 5-Amino-1 -pentanol (10 g) was dissolved in dichloromethane (60 ml), and added with an equivalent amount of N- 
methylmorpholine (9.03 ml). The mixture was cooled in an ice bath, and di-t-butylcarbonate (25.5 g) was added to the 
reaction solution, followed by stirring at room temperature for 24 hours. The reaction solution was diluted with dichlo- 
romethane, washed with water and dried, and then the solvent was removed by evaporation under reduced pressure. 
The resulting residue was purified by column chromatography (hexane-ethyl acetate, 3:2) using silica gel (150 g) to 

30 obtain Compound 1-1 (9.0 g) in the form of colorless oil. 
IR(CHCI 3 ):3456, 1708 cm* 1 . 

1 H-NMR (CDCI3) 6: 3.65 (2 H, t, J = 6.5 Hz), 3.16 - 3.08 (2 H, m), 1.64 -1.56 (2 H, m), 1.54 - 1.46 (2 H, m), 1.44 (9 H, 
s), 1.43 -1.35 (2 H, m). 

35 (b) Synthesis of Compound 1-2 

In an atmosphere of argon gas. Compound 1-1 (5.0 g) was dissolved in dry tetrahydrofuran (100 ml), and subse- 
quently added with phthalimide (3.8 g). and the mixture was cooled in an water bath. To the reaction solution were 
added triphenylphosphine (7.7 g) and diisopropyl azodicarboxylate (5.8 ml), followed by 12 hours of stirring at room 
40 temperature. The reaction solution was diluted with chloroform, and the solvent was removed by distillation -under 
reduced pressure. The resulting residue was purified by column chromatography (toluene-ethyl acetate, 10:1) using sil- 
ica gel (450 g) to obtain Compound 1-2 (8.4 g) in the form of white powder. 
IR (KBr) : 3354, 1776, 1722, 1674, 723 cm' 1 . 

1 H-NMR (CDCI3) 6: 7.85 - 7.83 (2 H, m). 7.72 - 7.70 (2 H, m), 3.69 (2 H. t. J = 7.2 Hz), 3.14 - 3.06 (2 H, m), 1.74 - 1.66 
45 (2H. m), 1.57 -1.49 (2 H, m). 

(c) Synthesis of Compound 1-3 

Compound 1-2 (4.0 g) was dissolved in dry ethanol (32 ml) and refluxed under cooling condition. To the reaction 
50 solution was added hydrazine hydrate (0.83 ml), followed by 6 hours of reflux. After cooling, the precipitates were fil- 
tered and the filtrate was concentrated by distillation under reduced pressure. Chloroform and 1 N sodium hydroxide 
were added to the resulting residue, the mixture was washed with water and dried, and then the solvent was removed 
by distillation under reduced pressure to obtain Compound 1-3 (2.45 g) in the form of light yellow oil. 
IR(CHCI 3 ): 3456, 1708 cm* 1 . 
55 1 H-NMR (CDCI3) 5: 3.35 - 3.05 (2 H, m). 2.69 (2 H, t, J = 7.0 Hz), 1 .55 - 1 .30 (6 H, m), 1 .44 (9 H. s). 
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(d) Synthesis of Compounds 1-4 and 1-5 

a-Carboxymethyl-o>-methoxypolyoxyethylene (5 g, average molecular weight 5000. manufactured by Nippon Oil & 
Fats Co.) was dissolved in dry dichloromethane (25 ml). To the solution were subsequently added 1 -hydroxybenzotria- 

5 zole (0.175 g) and dicyclohexylcarbodiimide (0.289 g) in this order, followed by 12 hours of stirring at room temperature 
in an atmosphere of argon gas to effect formation of Compound 1 -4. Without isolating the Compound 1 -4, the reaction 
solution was mixed with Compound 1 -3 (0.5 g) and stirred for 12 hours at room temperature in an atmosphere of argon 
gas. The solvent was removed by distillation under reduced pressure, and the resulting residue was purified by column 
chromatography (dichloromethane-methanol-water, 10:3:1) using silica gel (450 g) to obtain Compound 1-5 (1.94 g) in 

10 the form of white powder. 

IR (KBr): 3527, 2883, 1114 cm* 1 . 

1 H-NMR (CDCI 3 ) 6: 3.98 (2 H, s). 3.72 - 3.59 (559 H, m), 3.38 (3 H, s). 3.31 - 3.26 (2 H, m), 3.14 - 3.07 (2 H, m), 1 .56 
-1.30 (6 H, m), 1.44 (9 H. s). 

15 . (ej Synthesis of Compound 1 -6 

Compound 1-5 (1.72 g) was dissolved in trifluoroacetic acid (7 ml), followed by 12 hours of stirring at room temper- 
ature. After the reaction solution was concentrated under reduced pressure, the resulting residue was added with meth- 
anol and neutralized with sodium methoxide. After the reaction solution was concentrated again under reduced 
20 pressure, the resulting residue was purified by column chromatography (dichloromethane-methanol-water, 10:3:1) 
using silica ge! (450 g)-to obtain Compound 1 -6 (3.7 g) in the form of white powder. 
IR(CHCI 3 ): 2880, 1681, 1140, 1099 cm* 1 . 

1 H-NMR (CDC! 3 ) 6: 4.08 (2 H, s), 3.74 - 3.59 (545 H, m), 3.39 (3 H, s), 3.34 - 3.28 (2 H. m), 3.02 - 2.94 (2 H, m), 1.62 
- 1.55 (2 H, m), 1.29 - 1.22 (2 H. m). 

25 

(f) Synthesis of Compounds 2-1 and 2-2 

a-Carboxymethyl-co-methoxypolyoxyethylene (5 g, average molecular weight 10000, manufactured by Nippon Oil & 
Fats Co.) was dissolved in dry dimethyrformamide (8 ml). To the solution were subsequently added N-hydroxysuccinim- 

30 ide (0.075 g) and dicyclohexylcarbodiimide (0. 1 3 g) in this order, followed by 1 2 hours of stirring at room temperature in 
an atmosphere of argon gas to effect formation of Compound 2-1. Without isolating the Compound 2-1, the reaction 
solution was mixed with Compound 1 -3 (0.22 g) and stirred for 1 2 hours at room temperature in an atmosphere of argon 
gas. The solvent was removed by distillation under reduced pressure, and the resulting residue was purified by column 
chromatography (dichloromethane-methanol-water, 10:3:1) using silica gel (450 g) to obtain Compound 2-2 (3.7 g) in 

35 the form of white powder. 

IR (CHCI3): 3440, 2895, 1 109 cm' 1 . 

1 H-NMR (CDCI3) 6: 3.98 (2 H, s). 3.74 - 3.58 (1036 H, m), 3.38 (3 H. s), 3.32 - 3.24 (2 H, m), 3.16 - 3.06 (2 H, m), 1 .56 
-1.26 (6 H. m), 1.44 (9 H, s). 

40 (g) Synthesis of Compound 2-3 

Compound 2-2 (0.69 g) was dissolved in trifluoroacetic acid (6 ml), followed by 12 hours of stirring at room temper- 
ature. After the reaction solution was concentrated under reduced pressure, the resulting residue was, added with 
methanol and neutralized with sodium methoxide. After the reaction solution was again concentrated under reduced 
45 pressure, the resulting residue was purified by column chromatography (dichloromethane-methanol-water, 10:3:1) 
using silica gel (120 g) to obtain Compound 2-3 (0.56 g) in the form of white powder. 
IR(CHCI 3 ):2880. 1679, 1138, 1097 cm -1 . 

1 H-NMR (CDCI3) 5: 4.03 (2 H, s). 3.76 - 3.52 (1000 H, m), 3.38 (3 H, s), 3.33 - 3.27 (2 H. m), 3.01 - 2.95 (2 H, m), 1.56 
-1,30 (6 H, m). 

50 

(h) Synthesis of Compound 3-3 

Boc-Glu-OBzl (Compound 3-1, 4.98 g) and N-methylmorpholine (1.62 m!) were dissolved in tetrahydrofuran (100 
mi), and the resulting solution was cooled with methanol • dry ice, added with ethyl chlorocarbonate (1.4 ml), stirred at 
55 -30°C for 5 minutes, cooled again to -40°C or lower, and then further mixed with a dimethylformamide solution (50 ml) 
containing H-Glu(OBzl)-OBzl -TosOH (Compound 3-2, 7.38 g) and N-methylmorpholine (1.62 ml). After removing the 
cooling medium, the resulting mixture was stirred overnight with cooling with sodium chloride and ice. The r action 
solution was filtered through celite, and the filtrate was concentrated. The resulting residue was dissolved in ethyl ace- 
tate, the solution was washed with aqueous 10% citric acid solution, saturated brine and aqueous 10% sodium bicar- 
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bonate solution, and then the resulting organic layer was dried on magnesium sulfate. The resulting solution was 
filtered, and the solvent was distilled off to obtain 9 g of a solid substance. By recrystallizing the solid substance from 
ethyl acetate/methanol, 8.1 g (85%) of the title compound was obtained. 
[a) D = +16.1° (c = 0.93, chloroform). 
5 IR (chloroform) cm* 1 : 1 738, 1 500, 1 1 66. 

1 H-NMR (CDCI 3 ) 6: 7.2 • 73 (15 H, m), 6.41 (1 H, d, J = 7.0 Hz). 5.25 (1 H, d, J = 7.0 Hz), 5.0 • 5.2 (6 H. m), 4.62 - 4.64 
(1 H. m) ( 4.30 • 4.35 (1 H. m). 2.3 • 2.5 (2 H, m), 2. 1 - 2.25 (4 H, m) t 1 .98 - 2.06 (1 H, m), 1 .86 - 1 .94 (1 H, m), 1 .4 (9 H. s). 

(i) Synthesis of Compound 3-5 

10 

6-Aminohexanoic acid (Compound 3-4, 10 g) was dissolved in dioxane-water (2:1) (200 ml). To the solution, while 
cooling in an ice bath, were added 1 N sodium hydroxide solution (70 ml) and di-t-butylcarbonate (18.3 g), followed by 
overnight stirring at room temperature. After removing the solvent by distillation, the resulting residue was adjusted to 
pH 2 with 1 N hydrochloric acid and extracted with dichloromethane. The resulting organic layer was dried on magne- 
is sium sulfate and filtered, and then the solvent was removed by distillation to obtain the compound of interest (3-5, 1 6.5 
g) in the form of white solid. 
I R (chloroform) cm' 1 : 1710, 1510, 1166. 

1 H-NMR (CDCI3) 6: 3.15 - 3.05 (2 H, br), 2.36 (2 H. t, J = 7.5 Hz), 1.66 (2 H, dt, J = 15 Hz, J = 7.5 Hz), 1.50 (2 H, dt. J 
= 15 Hz, J = 7.5 Hz), 1.44 (9 H, s), 1.42 - 1.34 (2 H, m). 

20 

(j) Synthesis of Compound 3-6 

Compound 3-3 (2.0 g) was dissolved in trif luoroacetic acid (5 ml) and allowed to stand for 3 hours. The solvent was 
removed by distillation, and the resulting residue was subjected twice to azeotropic distillation treatment with ethanol. 

25 The thus obtained residue was dissolved in 5 ml of methanol and neutralized with N-methyimorpholine (330 jxl>. The 
solvent was removed by distillation, and the resulting residue was dissolved in dichloromethane (50 ml). This will be 
referred to as Solution A. With cooling in an ice bath, Compound 3-5 (700 mg), dicyclohexylcarbodiimide (680 mg) and 
N-hydroxysuccinimide (380 mg) were dissolved in dichloromethane (50 ml), and added with Solution A, followed by 
overnight stirring at 5°C. The reaction solution was diluted with dichloromethane (100 ml), washed with aqueous 10% 

30 citric acid solution, saturated brine and aqueous 10% sodium carbonate solution, dried on magnesium sulfate, and then 
filtered, followed by distillation removal of the solvent. The resulting residue was purified by silica gel column chroma- 
tography (hexane: ethyl acetate = 1:1 -> 1 :2) to obtain Compound 3-6 (800 mg) in the form of white solid. 
[a] D = -3.32° (c = 1 .08, chloroform). 

IR (chloroform) cm* 1 : 1738, 1682, 1645, 1537, 1169. 1 H-NMR (CDCI 3 ) 8: 7.3 - 7.4 (15 H, m), 6.5 - 6.6 (2 H. br), 5.06 - 
35 5.20 (6 H, m), 4.55 - 4.65 (3 H, m), 3.06 - 3.10 (2 H. m). 2.34 - 2.48 (2 H. m), 2.13 - 2.26 (6 H. m), 1.93 - 2.06 (2 H, m), 
1.60-1.64(2 H, m), 1.39-1.48(11 H, m), 1.30 - 1.34 (2 H, m). 

(k) Synthesis of Compound 3-7 

40 Compound 3-6 (500 mg) was dissolved in tetrahydrof uran (20 ml) and ethyl acetate (20 ml), 1 0% palladium-carbon 
(100 mg) was added to the solution, and then the mixture was stirred overnight under 1 hydrogen atmospheric pres- 
sure. By subjecting the reaction mixture to filtration and removing by distillation the solvent, the title Compound (400 
mg) was obtained in the form of solid. 

1 H-NMR (CD3OD) 5: 4.44 (1 H, dd, J = 5.0 Hz, J = 9.0 Hz), 4.39 (1 H. dd. J = 5.0 Hz, J = 9.0 Hz). 3.03 (2 H, t, J = 7.0 
45 Hz), 2.35 - 2.43 (4 H, m), 2.26 (2 H, t. J = 7.5 Hz). 2.15 - 2.24 (2 H, m), 1.91 - 2.0 (2 H, m). 1.61 - 1.67 (2 H, m), 1.34 - 
1.52 (13H, m). 

(I) Synthesis of Compound 3-9 

50 Dimethylformamide (50 ml) was added to [2-(2-chloroethoxy)ethoxy]ethanol (2.9 g) and sodium azide (3.4 g), and 
the mixture was stirred overnight at 80°C. The solvent was removed by distillation, and the resulting residue was puri- 
fied by silica gel column chromatography (dichloromethane) to obtain 2.5 g of the title compound (3-9) in the form of oil. 
1 H-NMR (CDCI3) 6: 3.73 - 3.76 (2 H, m), 3.67 - 3.71 (6 H. m), 3.61 - 3.63 (2 H, m), 3.40 (2 H, t, J = 5.0 Hz), 2.33 (1 H, s). 

55 (m) Synthesis of Compound 3-11 

p-D-Galactopyranose pentaacetate (3-10) (10 g) and Compound 3-9 (9.0 g) were dissolved in dichloromethane 
(100 ml), and the mixture was subsequently added with boron trifluortde ether complex salt (6.3 ml), followed by over- 
night stirring. The reaction mixture was diluted with dichloromethane (500 ml) and washed with an aqueous saturated 
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sodium bicarbonate solution, and the resulting organic layer was dried on magnesium sulfate. After filtration and distil- 
lation removal of the solvent, the resulting residue was applied onto a silica gel column chromatography and eluted with 
hexaneiethyl acetate » 3:1 to 1:1 to obtain a mixture of the product and alcohol compound. To this were added acetic 
anhydride (2 ml) and pyridine (20 ml), followed by overnight stirring. The solvent was removed by distillation, the result- 

5 ing residue was dissolved in ethyl acetate and washed with 0.5 N hydrochloric acid, saturated brine and aqueous sat- 
urated sodium bicarbonate solution, and then the resulting organic layer was dried on magnesium sulfate. After filtration 
and distillation removal of the solvent, the resulting residue was applied onto a silica gel column chromatography and 
eluted with hexane:ethyl acetate = 3:1 to 1 :1 to obtain 7.4 g (55%) of the title compound in the form of oil. 
[a] D = -6.29° (c = 1.05, chloroform). 

w IR (chloroform) cm' 1 : 21 10. 1749, 1369. 

1 H-NMR (CDCI 3 ) 6: 5.39 (1 H, d. J = 3.5 Hz), 5.21 (1 H, dd, J = 8.0 Hz, J = 10.5 Hz), 502 (1 H, dd. J = 3.5 Hz, J = 10.5 
Hz), 4.58 (1 H, d, J = 8.0 Hz), 4.10 - 4.20 (2 H, m), 3.89 - 3.99 (2 H. m), 3.74 - 3.78 (1 H, m), 3.64 - 3.69 (8 H, m), 3.40 
(2 H, t. J = 5.0 Hz). 2.15 (3 H, s). 2.06 (3 H, s), 2.05 (3 H, s). 1.99 (3 H, s). 

15 (n) Synthesis of Compound 3-13 

Compound 3-1 1 (2.3 g) and p-toluenesulfonic acid (850 mg) were dissolved in ethanol (50 ml), Lindlar catalyst (1 .0 
g) was added to the solution, and then the mixture was shaken for 1 hour under a pressure of hydrogen (50 psi). There- 
after. Lindlar catalyst (1 .0 g) was further added to the mixture, and the mass was shaken for 1 hour under a pressure 

20 of hydrogen (50 psi). The catalyst was removed by filtration and the solvent was distilled off. The resulting residue was 
dissolved in acetonitrile (10 ml) and neutralized with N-methylmorpholine (500 jjlI>. This will be referred to as Solution A. 

Compound 3-7 (700 mg) was dissolved in dimethylformamide (10 ml) and added, with cooling in an ice bath, with 
N-hydroxysuccinimide (510 mg) and dicyclohexylcarbodiimide (920 mg), and the mixture was stirred overnight at 4°C. 
The reaction solution was concentrated, the resulting residue was dissolved in ethyl acetate and washed with aqueous 

25 10% citric acid solution, saturated brine and aqueous 10% sodium bicarbonate solution, and then the resulting organic 
layer was dried on magnesium sulfate. After filtration, the solvent was removed by distillation. The thus obtained residue 
was applied onto a silica gel column chromatography and eluted by changing the eluents from dichloromethane to 
dichloromethane:methanol = 30:1 , and then to 25:1 , thereby obtaining 1 .8 g of the title compound in the form of powder. 
[a] D = -11.2° (c = 1.00. chloroform). 

30 IR (KBr) cm" 1 : 1753, 16339, 1371, 1226. 

1 H-NMR (CDCI3) 6: 7.80 - 7.85 (1 H. m), 7.24 - 7.26 (1 H, m), 7.12 - 7.18 (1 H, m), 7.04 - 7.08 (1 H, m), 6.58 - 6.62 (1 
H, m), 5.39 (3 H, d, J = 3.5 Hz), 5.17 - 5.22 (3 H, m), 5.02 - 5.06 (3 H, m. H-2), 4.72 - 4.76 (1 H, m), 4.55 - 4.57 (3 H, 
m), 4.38 - 4.43 (2 H, m), 4.10 - 4.20 (6 H, m), 3.93 - 3.98 (6 H, m), 3.70 - 3.75 (6 H, m), 3.5 - 3.6 (34 H, m), 3.8 - 3.12 
(2 H, m), 2.2 - 2.4 (2 H, m), 2.09 (9 H, s), 2.04 (9 H, s). 2.02 (9 H, s), 2.01 (9 H, s), 1.60 - 1.66 (2 H, m), 1.46 - 1.52 (2 

35 H. m), 1.42 (9 H, s). 1.30 - 1.36 (2 H, m). 

(0) Synthesis of Compound 3-14 

Compound 3-13 (2.4 g) was dissolved in 50% trifluoroacetic acid-dichlorom ethane solution, stirred for 1 hour and, 
40 after distilling off the solvent, subjected twice to azeotropic distillation with ethanol. The resulting residue was dissolved 
in methanol (30 ml), neutralized with a 28% sodium methoxide-methanol solution, and then purified by a silica gel col- 
umn chromatography (dichloromethane:methanol = 30:1 -» 5:1). The thus obtained powder was dissolved in methanol 
(20 ml) and added, with cooling in an ice bath, with a 28% sodium methoxide-methanol solution (200 \i\) t and, when the 
addition was completed, the resulting mixture was warmed to room temperature and stirred for 1 hour. By neutralizing 
45 with an anion exchange resin Dowex SOW (H + ), removing the resin, and then distilling off the solvent, 500 mg of the title 
compound was obtained in the form of powder. 
[a] D = -5.71° (c = 0.63. methanol). 

1 H-NMR (CD3OD) 6: 4.8 - 4.9 (1 1 H, m), 4.34 - 4.36 (1 H, m), 4.29 - 4.31 (1 H. m), 4.26 - 4.29 (3 H, m), 4.08 - 4.05 (3 

H, m), 3.83 - 3.85 (2 H, m), 3.72 - 3.79 (6 H, m), 3.68 - 3.72 (5 H, m), 3.65 - 3.68 (5 H, m), 3.61 - 3.64 (5 H. m). 3.48 - 
50 3.59 (5 H, m), 3.36 - 3.40 (1 H, m), 3.26 - 3.32 (36 H, m), 2.9 - 3.0 (2 H, m), 2.25 - 2.40 (6 H, m), 2.03 - 2.10 (1 H, m), 

I. 86-1.98(1 H, m), 1.60 - 1.70 (1 H, m). 

(p) Synthesis of Compound 4-2 

55 p-D-Glucopyranose pentaacetate (10 g) and 2-[2-(azidoethoxy)ethoxy]ethanol (3-9) (9 g) were dissolved in dichlo- 
romethane (100 ml). To the solution was subsequently added boron trifluoride ether complex salt (6.3 ml), followed by 
overnight stirring. The reaction mixture was diluted with dichloromethane (500 ml) and washed with aqueous saturated 
sodium bicarbonate solution, and the resulting organic layer was dried on magnesium sulfate. After filtration and distil- 
lation removal of the solvent, the resulting residue was applied onto a chromatography and eluted with hexane:ethyl 
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acetate = 3:1 to 1 :1 to obtain a mixture of the product and alcohol compound. To this were added acetic anhydride (2 
ml) and pyridine (20 ml), followed by overnight stirring. The solvent was removed by distillation, the resulting residue 
was dissolved in ethyl acetate and washed with 0.5 N hydrochloric acid, saturated brine and aqueous saturated sodium 
bicarbonate solution, and then the resulting organic layer was dried on magnesium sulfate. After filtration and distillation 
5 removal of the solvent, the resulting residue was applied onto silica gel column chromatography and eluted with hex- 
ane:ethyl acetate = 3:1 to 1 :1 to obtain Compound 4-2 (5.9 g, 44%) in the form of oil. 
[cc] D = -15.2° (c = 0.97, chloroform). 
IR (chloroform) cm' 1 : 2110, 1755, 1367. 

1 H-NMR (CDCI 3 ) 6: 5.21 (1 H, t, J = 9.5 Hz). 5.09 (1 H, t, J = 9.5 Hz), 5.00 (1 H, dd. J = 8.0 Hz, J = 9.5 Hz), 4.61 (1 H, 
w d, J = 8.0 Hz). 4.26 (1 H, dd. J = 4.5 Hz. 12.0 Hz). 4.14 (1 H, dd. J = 2.5 Hz. J = 12 Hz). 3.93 - 3.97 (1 H, m), 3.73 - 3.78 
(1 H m), 3.64 - 3.73 (9 H, m), 3.40 (2 H, t, J = 5.0 Hz), 2.09 (3 H, s). 2.05 (3 H, s), 2.03 (3 H, s), 2.01 (3 H, s). 

(q) Synthesis of Compound 4-4 

is Compound 4-2 (2.3 g) and p-toluenesutfonic acid (850 mg) were dissolved in ethanol (50 ml), Undlar catalyst (1 .0 
g) was added to the solution, and then the mixture was shaken for 1 hour under a pressure of hydrogen (50 psi). There- 
after, Undlar catalyst (1 .0 g) was again added to the mixture, and the mixture was shaken for 1 hour under a pressure 
of hydrogen (50 psi). The catalyst was removed by filtration, and the solvent was distilled off. The resulting residue was 
dissolved in acetonitrile (10 ml) and neutralized with N-methylmorpholine (500 jutl). This will be referred to as Solution A. 

20 Compound 3-7 (700 mg) was dissolved in dimethylformamide (10 ml). To the solution, with cooling in an ice bath, 
were added N-hydroxysuccinimide (510 mg) and dicyclohexylcarbodiimide (920 mg), and the mixture was stirred over- 
night at 4"C and then added with Solution A with ice cooling, followed by stirring overnight at 4°C. The reaction solution 
was concentrated, the resulting residue was dissolved in ethyl acetate and washed with aqueous 10% citric acid solu- 
tion, saturated brine and aqueous 10% sodium carbonate solution, and then the resulting organic layer was dried on 

25 magnesium sulfate. After filtration, the solvent was removed by distillation. The thus obtained residue was applied onto 
a silica gel column chromatography and eluted by changing the eluents from dichloromethane to dichlorometh- 
ane:methanol = 30:1 , and then to 25:1 , thereby obtaining 1 .6 g of the title Compound in the form of powder. 
1 H-NMR (CDCI3) 6: 7.75 - 7.80 (1 H, m), 7.37 - 7.41 (1 H, m), 7.18 (1 H. d, J = 7.5 Hz), 7.0 - 7.04 (1 H. m), 5.46 - 5.49 
(1 H, d. J = 8 Hz), 5.19 - 5.24 (3 H, m), 5.06 - 5.12 (3 H. m), 4.96 - 5.02 (3 H, m), 4.59 - 4.61 (3 H, m), 4.38 - 4.43 (2 H, 

30 m), 4.10 - 4.20 (6 H, m), 3.93 - 3.98 (6 H, m), 3.70 - 3.75 (6 H, m), 3.5 - 3.6 (34 H, m), 3.8 - 3.12 (2 H, m), 2.2 - 2.4 (2 

H, m), 2.09 (9 H. s), 2.04 (9 H, s). 2.02 (9 H, s). 2.01 (9 H, s), 1.60 - 1.66 (2 H, m), 1.46 - 1.52 (2 H, m), 1.42 (9 H, s). 

I. 30-1.36 (2 H, m). 

(r) Synthesis of Compound 4-5 

35 

Compound 4-4 (5.4 g) was dissolved in 50% trifluoroacetic acid-dichloromethane solution, stirred for 1 hour and, 
after distilling off the solvent, subjected twice to azeotropic distillation with ethanol. The resulting residue was dissolved 
in methanol (30 ml), neutralized with a 28% sodium methoxide-methanol solution, and then purified by silica gel column 
chromatography (dichloromethane: methanol = 30:1 -» 5:1). The thus obtained powder was dissolved in methanol (20 

40 ml). To the solution, with cooling in an ice bath, was subsequently added with a 28% sodium methoxide-methanol solu- 
tion (200 jil), and, when the addition was completed, the resulting mixture was warmed to room temperature and stirred 
for 1 hour. By neutralizing with an anion exchange resin Dowex SOW (H + ), removing the resin, and then distilling off the 
solvent, 500 mg of the title Compound was obtained in the form of powder. 
[a] D = -13.7° (c = 0.19, methanol). 

45 1 H-NMR (CD3OD) 6: 4.8 - 4.9 (11 H, m), 4.34 - 4.36 (1 H, m), 4.26 - 4.40 (3 H, m), 4.01 - 4.05 (2 H, m), 3.83 - 3.85 (2 

H. m), 3.72 - 3.79 (7 H, m), 3.68 - 3.72 (5 H, m), 3.55 - 3.68 (5 H, m), 3.61 - 3.64 (5 H, m), 3.48 - 3.59 (5 H, m), 3.36 - 
3.40 (1 H, m), 3.26-3.32 (37 H, m), 2.9 -3.0 (1 H, m), 2.25-2.40 (5 H, m), 2.03-2.10 (1 H, m), 1.86- 1.98 (1 H, m), 

I. 60 - 1.70 (2 H, m). 

50 (s) Synthesis of Compound 5-1 

With cooling in an ice bath, 3 g of N-Boc-1 ,5-diaminopentane was dissolved in 57 ml of dichloromethane. The solu- 
tion was subsequently added with 5.49 g of Fmoc-OSu. followed by 2 hours of stirring at room temperature. After 
removing the solvent by distillation, the resulting residue was purified by silica gel column chromatography (dichlo- 
55 romethane:methanol = 50:1) to obtain 4.5 g of the title compound in the form of white powder. 

1 H-NMR (CDCI3) 6: 7.77 - 7.76 (2 H, d), 7.60 - 7.59 (2 H, d), 7.42 - 7.39 (2 H, t), 7.33 - 7.30 (2 H, t). 4.23 - 4.20 (2 H, 
m), 3.21 - 3.1 7 (2 H, m), 3.1 3 - 3.09 (2 H, m), 1 .56 - 1 .30 (6 H, m), 1 .44 (9 H, s). 
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(t) Synthesis of Compound 5-2 

With cooling in an ice bath, Compound 5-1 (4.5 g) was dissolved in a mixture solution of dry dichloromethane (50 
ml) and trif luoroacetic acid (50 ml) and stirred at 4°C for 1 h ur. After removing the solvent by distillation, 50 ml f ethyl 
5 acetate containing 12% hydrochloric acid was added to the resulting residue, the solvent was distilled off again, and 
then the resulting residue was recrystallized from ethanol to obtain 2.6 g of the title compound in the form of white crys- 
tals. 

1 H-NMR (CDCI 3 ) 6: 7.80 - 7.79 (2 H, d). 7.64 - 7.63 (2 H, d). 7.40 - 7.38 (2 H, t). 7.32 - 7.29 (2 H. t), 4.38 - 4.36 (2 H, 
d), 3.13-3.10 (2 H, t), 2.91 - 2.88 (2 H. t), 1.67 - 1.64 (2 H. t), 1.55 - 1.52 (2 H, t), 1.40 - 1.37 (2 H, t). 

10 

(u) Synthesis of Compound 5-3 

Dextran having an average molecular weight of 40000 (Dextran T40, manufactured by Pharmacia) was dissolved 
in a mixture solution of dimethylformamide (5 ml) and 0.01% acetic acid solution (2.5 ml), and the resulting solution was 

15 added with Compound 5-2 (479 mg) and 157 mg of sodium cyanoboron hydride and stirred for 3 days at 70°C. The 
reaction solution was added to 75 ml of. 99% ethanol and centrifuged at 3500 rpm for 10 minutes to obtain white pre- 
cipitates. That was washed with 95% ethanol, acetone and ethyl ether in this order and then dried under reduced pres- 
sure to obtain 0.48 g of Compound 5-3. Progress of this reaction was confirmed by analyzing the product using a "TSK 
gel G4000PWXL" column (manufactured by Toso Co.) to find an Fmoc group-inherent UV absorption at 265 nm in the 

20 dextran peak detected by refractive index (Rl). 

(v) Synthesis of Compound 5-4 

Compound 5-3 (370 mg) was dissolved in 19 ml of water, and the solution was mixed with 0.95 ml of diethylamine 
25 and stirred overnight. The reaction solution was added to 50 ml of 99% ethanol and centrifuged at 3500 rpm for 10 min- 
utes to obtain white precipitates. That was washed with 95% ethanol, acetone and ethyl ether in this order and then 
dried under reduced pressure to obtain 300 mg of Compound 5-4. Progress of this reaction was confirmed by analyzing 
the product using a TSK gel G4000PWXL" column (manufactured by Toso Co.) to find disappearance of an Fmoc 
group-inherent UV absorption at 265 nm in the dextran peak detected by refractive index (Rl). 

30 

(w) Synthesis of Compound 6-1 

A 0.5 g portion of pullulan having an average molecular weight of 5000 (P-5, manufactured by Showdex) was dis- 
solved in a mixture solution of DMF (2 ml) and 0.01% acetic acid solution (5 ml), and the resulting solution was mixed 

35 with Compound 5-2 (660 mg) and 217 mg of sodium cyanoboron hydride and stirred for 3 days at 50°C. The reaction 
solution was added to 35 ml of 99% ethanol and centrifuged at 3500 rpm for 10 minutes to obtain white precipitates. 
That was washed with 95% ethanol, acetone and ethyl ether in this order and then dried under reduced pressure to 
obtain 0.45 g of Compound 6-1. Progress of this reaction was confirmed by analyzing the product using a "TSK gel 
G4000PWXL" column (manufactured by Toso Co.) to find an Fmoc group-inherent UV absorption at 265 nm in the dex- 

40 tran peak detected by refractive index (Rl). 

(x) Synthesis of Compound 6-2 

Compound 6-1 (50 mg) was dissolved in 4 ml of 0.1 N NaOH and stirred overnight. The reaction solution was added 
45 to 35 ml of 99% ethanol and centrifuged at 3500 rpm for 10 minutes to obtain white precipitates. That was washed with 
95% ethanol, acetone and ethyl ether in this order and then dried under reduced pressure to obtain 36 mg of Compound 
6-2. Progress of this reaction was confirmed by analyzing the product using a "TSK gel G4000PWXL* column (manu- 
factured by Toso Co.) to find disappearance of an Fmoc group-inherent UV absorption at 265 nm in the dextran peak 
detected by refractive index (Rl). 

50 

Example 8 (Preparation of PEG5-rSP-IL-2): 

A solution (10 ml) of rSP-IL-2 dissolved in 50 mM acetic acid buffer (pH 5.0) containing 0.25 M NaCI was applied 
onto a "Sephadex G-25" column which had been equilibrated in advance with a 100 mM Tris-HCI buffer (pH 7.7) con- 
55 taining 1 0 mM calcium chloride, followed by eluting with the same buffer. The eluates w re monitored by absorbance at 
280 nm to obtain an eluate fraction (12 ml) of the fused protein. Compound 1 -6 (413 mg) was dissolved in the above 
buffer (2.2 ml) and added to the eluate fraction (11ml), and the mixture was pre- incubated at 37°C. To th reaction solu- 
tion was added guinea pig liver transglutaminase (manufactured by Sigma, 6 units) dissolved in the same buffer in two 
portions, followed by 2 hours of incubation at 37° C. 
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The reaction solution was purified several times by reversed phase HPLC using a "YMC-C 8 AP" column (6.0 x 300 
mm, manufactured by Yamamura Kagaku Co.) to remove the unreacted rSP-IL-2 fraction. With respect to the purity of 
the thus purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (man- 
ufactured by Pharmacia) revealed that the PEG5(i.e., polyethylene glycol alkylamine having an average molecular 
weight of 5,000)-modif ied form (PEG5-rSP-IL-2) gave a protein band only at the position corresponding to a molecular 
weight which had been increased by about 8 KDa, as compared to that of the unmodified form, assumed to be due to 
the bonding of one molecule of PEGS to one molecule of the unmodified form. The yield was about 16%. 

Example 9 (Preparation of PEG10-rSP-IL-2): 

A solution (5 ml) of rSP-IL-2 dissolved in 50 mM acetic acid buffer (pH 5.0) containing 0.25 M NaCI was applied 
onto a "Sephadex G-25* column which had been equilibrated in advance with a 100 mM Tris-HCI buffer (pH 7.7) con- 
taining 10 mM calcium chloride, followed by eluting with the same buffer. The eluates were monitored by absorbance at 
280 nm to obtain an eluate fraction (6 ml) of the fused protein. Compound 2-3 (550 mg) was dissolved in the above 
buffer (1 .2 ml) and added to the eluate fraction (6 ml), and the mixture was pre-incubated at 37°C. To the reaction solu- 
tion was added guinea pig liver transglutaminase (manufactured by Sigma, 4 units) dissolved in the same buffer in two 
portions, followed by 2 hours of incubation at 37°C. 

The reaction solution was purified several times by reversed phase HPLC using a "YMC-C 8 AP" column (6.0 x 300 
mm, manufactured by Yamamura Kagaku Co.) to remove the unreacted rSP-IL-2 fraction. With respect to the purity of 
the thus purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (man- 
ufactured by Pharmacia) revealed that the PEG10(i.e., polyethylene glycol alkylamine having an average molecular 
weight of 10,000)-modified form (PEGl0-rSP-IL-2) gave a protein band only at the position corresponding to a molec- 
ular weight which had been increased by about 16 KDa, as compared to that of the unmodified form, assumed to be 
due to the bonding of one molecule of PEG10 to one molecule of the unmodified form. The yield was about 31%. 

Example 10 (Preparation of PEG5-rX1-IL-2): 

Preparation of PEG5-rX1-IL-2 was carried out in accordance with the procedure of Example 8. With respect to the 
purity of the purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" 
(manufactured by Pharmacia) revealed that the PEG5-modrfied form (PEG5-rX1-IL-2) gave a protein band only at the 
position corresponding to a molecular weight which had been increased by about 8 KDa, as compared to that of the 
unmodified form, assumed to be due to the bonding of one molecule of PEGS to one molecule of the unmodified form. 
The yield was about 15%. 

Example 11 (Preparation of PEG5-rX2-IL-2): 

Preparation of PEG5-rX2-IL-2 was carried out in accordance with the procedure of Example 8. With respect to the 
purity of the purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" 
(manufactured by Pharmacia) revealed that the PEGS-modrfied form (PEG5-rX2-IL-2) gave a protein band only at the 
position corresponding to a molecular weight which had been increased by about 8 KDa, as compared to thattrf the 
unmodified form, assumed to be due to the bonding of one molecule of PEGS to one molecule of the unmodified form. 

Example 12 (Preparation of PEG5-rX3-IL-2): 

Preparation of PEG5-rX3-IL-2 was carried out in accordance with the procedure of Example 8. With respect to the 
purity of the purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" 
(manufactured by Pharmacia) revealed that the PEG5-modified form (PEG5-rX3-IL-2) gave a protein band only at the 
position corresponding to a molecular weight which had been increased by about 8 KDa, as compared to that of the 
unmodified form, assumed to be due to the bonding of one molecule of PEGS to one molecule of the unmodified form. 
The yield was about 15%. 

Example 13 (Preparation of PEG5-rX4-IL-2): 

Preparation of PEG5-rX4-IL-2 was carried out in accordance with the procedure of Example 8. With respect to the 
purity of the purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" 
(manufactured by Pharmacia) revealed that the PEGS-modified form (PEG5-rX4-IL-2) gave a protein band only at the 
position corresponding to a molecular w ight which had been increased by about 8 KDa. as compared to that of the 
unmodified form, assumed to be due to the bonding of one molecule of PEGS to one molecule of the unmodified form. 
The yield was about 15%. 
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Example 14 (Preparation of PEG5-rX5-IL-2): 

Preparation of PEG5-rX5-IL-2 was carried out in accordance with the procedure of Example 8. With respect to the 
purity of the purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making us of "Phast System" 
5 (manufactured by Pharmacia) revealed that the PEG-modified body (PEG5-rX5-IL-2) gave a protein band only at the 
position corresponding to a molecular weight which had been increased by about 16 KDa, as compared to that of the 
unmodified form, assumed to be due to the bonding of two molecules of PEGS to one molecule of the unmodified form. 
The yield was about 10%. 

10 Example 15 (Preparation of (Gal) 3 -rSP-IL-2): 

A solution (4 ml) of rSP-IL-2 dissolved in 50 mM acetic acid buffer (pH 5.0) containing 0.25 M NaCI was applied 
onto a "Sephadex G-25" column which had been equilibrated in advance with a 100 mM Tris-HCI buffer (pH 7.7) con- 
taining 10 mM calcium chloride, followed by eluting with the same Tris buffer. The eluates were monitored by absorb- 
15 ance at 280 nm to obtain an eluate fraction (4.8 ml) of the fused protein. Compound 3-14 (20 mg) was added to the 
eluate fraction (4 ml), and the mixture was pre-incubated at 37°C. To the reaction solution was added guinea pig liver 
transglutaminase (manufactured by Sigma, 2 units) dissolved in the Tris buffer in two portions, followed by 2 hours of 
incubation at 37°C. 

The reaction solution was purified several times by reversed phase HPLC using a "YMC-C 8 AP" column (6.0 x 300 
20 mm, manufactured by Yamamura Kagaku Co.) to remove the unreacted rSP-IL-2 fraction With respect to the purity of 
the purifiedproduct, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (manufac- 
tured by Pharmacia) revealed that the (Gal) 3 (i.e., 3-branched type galactose alkylamine)-modif ied form ((Ga!) 3 -rSP-IL- 
2) gave a protein band only at the position corresponding to a molecular weight which had been increased by about 2 
KDa, as compared to that of the unmodified form, assumed to be due to the bonding of one molecule of (Gal) 3 to one 
25 molecule of the unmodified form. The yield was about 1 7%. 

Example 16 (Preparation of (Glc) 3 -rSP-IL-2): 

A solution (5 ml) of rSP-IL-2 dissolved in 50 mM acetic acid buffer (pH 5.0) containing 0.25 M NaCI was applied 
30 onto a "Sephadex G-25" column which had been equilibrated in advance with a 100 mM Tris-HCI buffer (pH 7.7) con- 
taining 10 mM calcium chloride, followed by eluting with the same Tris buffer. The eluates were monitored by absorb- 
ance at 280 nm to obtain an eluate fraction (6 ml) of the fused protein. Compound 4-5 (90 mg) was added to the eluate 
fraction (4 ml), and the mixture was pre-incubated at 37°C. To the reaction solution was added guinea pig liver trans- 
glutaminase (manufactured by Sigma, 2 units) dissolved in the same buffer in two portions, followed by 2 hours of incu- 
35 bation at 37°C. 

The reaction solution was purified several times by reversed phase HPLC using a "YMC-C 8 AP" column (6.0 x 300 
mm, manufactured by Yamamura Kagaku Co.) to remove the unreacted rSP-IL-2 fraction. With respect to the purity of 
the thus purified product, SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (man- 
ufactured by Pharmacia) revealed that the (Glc) 3 (i.e., 3-branched type glucose alkylamine)-modified form ((Glc) 3 -rSP- 
40 IL-2) gave a protein band only at the position corresponding to a molecular weight which had been increasedby about 
2 KDa, as compared to that of the unmodified form, assumed to be due to the bonding of one molecule of (Glc) 3 to one 
molecule of the unmodified form. The yield was about 17%. 

Example 17 (Preparation of Dex40-rX3-IL-2): 

45 

Compound 5-4 (120 mg) was added to a solution (0.5 ml) of rX3-IL-2 dissolved in a 100 mM Tris-HCI buffer (con- 
taining 10 mM CaCI 2 , pH 7.7), and the mixture was pre-incubated at 37°C. To the reaction solution was added guinea 
pig liver transglutaminase (manufactured by Sigma, 0.3 unit) dissolved in the Tris buffer, followed by 1 hour of incubation 
at 37°C. 

so The reaction solution was purified by reversed phase HPLC using a "YMC C 8 AP" column (manufactured by Yama- 
mura Kagaku Co.) to remove the unreacted rX3-IL-2 fraction. With respect to the purity of the thus purified product. 
SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (manufactured by Pharmacia) 
revealed that the Dex40(i.e., dextran alkylamine having an average molecular weight of 40,000)-modified form (Dex40- 
rX3-IL-2) gave a protein band only at the position corresponding to a molecular weight which had been increased by 

55 about 100 KDa, as compared to that of the unmodified form, assumed to be due to the bonding of one molecule of 
Dex40 to one molecule of the unmodified form. The yield was about 10%. 
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Exampl 18 (Preparation of Pul5-rX3-IL-2): 

Compound 5-4 (60 mg) was added to a solution (0.5 ml) of rX3-IL-2 dissolved in a 100 mM Tris-HCI buffer (contain- 
ing 10 mM CaCI 2 , pH 7.7), and the mixture was pre-incubated at 37°C. To the reaction solution was added guinea pig 
s liver transglutaminase (manufactured by Sigma. 0.3 unit) dissolved in the Tris buffer, followed by 1 hour of incubation at 
37°C. 

The reaction solution was purified by reversed phase HPLC using a "YMC C 8 AP" column (manufactured by Yama- 
mura Kagaku Co.) to remove the unreacted rX3-IL-2 fraction. With respect to the purity of the thus purified product, 
SDS-PAGE analysis ("Homogenious 20" gel was used) making use of "Phast System" (manufactured by Pharmacia) 
io revealed that the Pul5(i.e., pullulan alkylamine having an average molecular weight of 5,000)*modified form (Pul5-rX3- 
IL-2) gave a protein band only at the position corresponding to a molecular weight which had been increased by about 
15 KDa, as compared to that of the unmodified form, assumed to be due to the bonding of one molecule of Pul5 to one 
molecule of the unmodified form. The yield was about 10%. 

15 Example 19 (Confirmation of modified sites): 

Each of freeze-dried PEG5-rSP-IL-2 (200 \ig) prepared in Example 8 and freeze-dried rSP-IL-2 (200 \ig) was dis- 
solved in a 0.35 M Tris-HCI buffer (pH 8.5, 100 |xl) containing 6 M guanidine hydrochloride and 35 mM EDTA, added 
with a DTT solution (1.2 15 mg/ml, dissolved in the same buffer) and incubated at 37°C for 1 hour. Thereafter, 

20 iodoacetic acid solution (12 18.6 mg/ml, dissolved in the same buffer) was added to the reaction solution, and the 
mixture was allowed to stand for 1 hour in the dark at room temperature. After terminating the reaction by adding 2-mer- 
captoethanol (4 and removing the reagents from the resulting solution by applying it onto a "Sephadex G-25" column 
which had been equilibrated in advance with 2.5% acetic acid, the resulting protein fraction was freeze-dried to obtain 
reductive-alkylated PEG5-rSP-IL-2 and rSP-IL-2, respectively. 

25 Freeze-dried powder (100 *ig) of each of the thus reductive-alkylated PEG5-rSP-IL-2 and rSP-IL-2 was suspended 
in a 0.1 M ammonium bicarbonate buffer (pH 7.9), mixed with a TPCK-trypsin" (manufactured by Sigma) solution (2 \i\ t 
1 mg/ml. dissolved in the same buffer) and subjected to 4 hours of enzyme digestion at 25°C. 

The reaction solution was subjected as such to reversed phase HPLC analysis using a >Bondapak C 18 " column 
(3.9 x 300 mm, manufactured by Waters). The results are shown in Fig. 3A and Fig. 3B. In the peptide mapping of rSP- 

30 IL-2 shown in Fig. 3B, the peak marked with T - SP corresponds to an amino acid sequence (Met-Arg-Pro-Lys-Pro-GIn- 
Gln-Phe-Phe-Gly-Leu-Met-Ala-Pro-Tyr-Ser-Ser-Ser-Tyr-Lys) containing an SP-originated amino acid sequence, and 
this peak only is absent from the peptide mapping of PEG5-rSP-IL-2 shown in Fig. 3A in which a new peak is present 
at a position having a different retention time. As the results, it was judged that the Gin residue in the amino acid 
sequence based on the SP newly added to the N-terminal side of hlL-2 was selectively modified with PEG. 

35 

Example 20 (IL-2 activity of modified forms): 

Cells of an IL-2 dependent mouse cell line "CTLL-2" (ATCC T1 B 214) obtained from ATCC was cultured in a 10% 
FCS (fetal calf serum) -containing RPM1 1640 medium supplemented with about 50 units/ml of rat IL-2 (manufactured 

40 by Collaborative Co.). The resulting cells were washed twice with a 2% FCS-containing RPM1 1640 medium, and then 
suspended in a 5% FCS-containing RPM1 1640 medium to a density of 2 x 10 5 cells/ml. The thus prepared suspension 
was dispensed in 50 \i\ (10 4 cells) portions into the wells of a 96 well tissue culture plate and cultured after adding 50 
\i\ of each test sample diluted with a 5% FCS-containing RPM1 1640 medium to each well. After 44 hours of the cultur- 
ing, [methyl- 3 H] thymidine (2.96 TBg/mmol) manufactured by Amersham Co. was diluted with a 5% FCS-containing 

45 RPMI 1640 medium and dispensed into wells in 37 kBq/20 \i\ portions, and the culturing was further continued for 4 
hours. After completion of the culturing, the resulting cells were collected on a glass filter using a "PHD harvester 
(model 2000)" manufactured by Cambridge Technology, Inc., a scintillator ("Aquasol IL" manufactured by NEN Co.) was 
added to the cells, and then the radioactivity uptake was measured using a liquid scintillation counter (TRI-CARB 
(model 2500TR) H ) manufactured by Packard Co. In this instance, purified rhlL-2 was used as the standard in the eval- 

50 uation of test samples. 

As the result, specific activities based on rhlL-2 were found to be 59% for rSP-IL-2, 93% for rX1 -IL-2, 124% for rX2- 
IL-2, 94% for rX3-IL-2, 93% for rX4-IL-2, 30% for rX5-IL-2, 95% for PEG5-rSP-IL-2, 85% for PEGlO-rSP-IL-2. 1 35% for 
PEG5-rX1-IL-2, 135% for PEG5-rX2-IL-2. 132% for PEG5-rX3-IL-2, 113% for PEG5-rX4-IL-2, 198% for PEG5-rX5-IL- 
2. and 115.4% for Pul5-rX3-IL-2, thus showing that the fused proteins and modified forms thereof retained the IL-2 
55 activity of rhlL-2. 
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Example 21 (Behavior of PEG-modified forms in the living body): 

Each of 3 test samples of an un-modified rSP-IL-2, PEG5-rSP-IL-2 and PEG10-rSP-IL-2 was administered to Wis- 
tar male rats (180 to 200 g) by intravenous injection in a dose of 10 jig/kg in terms of rhlL-2 (n = 3), and their blood was 
periodically collected to obtain Wood plasma samples. Concentration of the compound in each blood plasma sample 
was measured by EIA (enzyme Immun Assay "IL-2-EIA kit" manufactured by CAYMAN Co. was used). 

As the result, as shown in Fig. 4, rSP-IL-2 disappeared from the blood plasma immediately after its administration. 
PEG5-rSP-IL-2 modified with PEG 5000 showed slightly higher retentivity in blood than that of rSP-IL-2. On the con- 
trary, PEG10-rSP-IL-2 modified with PEG 10000 showed markedly high retentivity in blood. 

Example 22 (Accumulativeness in tissue): 

Each of rSP-IL-2, (Gal) 3 -rSP-IL-2 and (Glc) 3 -rSP-IL-2 was administered to Wistar male rats (7 weeks of age) by 
intravenous injection in a dose of 10-Mg/kg (in terms of rhlL-2). Major tissues were collected after 5 minutes of the 
administration. Each tissue was mixed with 9 volumes of PBS, homogenized, and then subjected to 5 minutes of cen- 
trifugation at 3000 rpm, and the resulting supernatant was diluted with PBS to measure concentration of the compound 
in the tissue by ELISA. As the result, (Gal) 3 -rSP-IL-2 showed a high accumulation in the liver. 

(INDUSTRIAL APPLICABILITY) 

According to the present invention, an amino group donor containing polyethylene glycol, a polysaccharide, a 
polyamino acid or a branched type sugar derivative can be introduced easiiy and selectively at the -N-terminal or C-ter- 
minal of a physiologically active protein, or the peptide moiety of a fused protein of a physiologically active protein in 
which a peptide is linked by amide bonding to the amino acid sequence of the active protein hence facilitating the appli- 
cation of the physiologically active protein to pharmaceutical drugs. 

Claims 

1 . A method of modifying protein which comprises allowing a physiologically active protein having a molecular weight 
of from 5 x 10 3 to 2 x 10 5 and having at least one glutamine residue to react with an amino group donor represented 
by any one of the following general formulae (I) to (IV) or an alkylamine-introduced polysaccharide or a modified 
product thereof in the presence of transglutaminase, thereby effecting the formation of amide linkage between the 
y-carboxyamido group of said glutamine residue and the primary amino group of the amino group donor: 

NH 2 (CH2)nT(CH2)m(OCH 2 CH2)pOR (I) 

NH 2 (CH2)nT(CH2)m(OCH2CH 2 )pT(CH2)nNH 2 (II) 

wherein n is an integer of 1 to 8, m is an integer of 0 to 2, p is an integer of 1 to 400, T represents a bond -0-, - 
C(0)0-, - OC(O)-, -NHCO-. -OCNH-, -NHCONH-, -OOCNH- or -HNCOO-, and R represents a hydrogen atom, a 
lower alkyl group having 1 to 5 carbon atoms or a lower acyl group having 2 to 6 carbon atoms, 

R (OCH 2 CH 2 ) q NHCO 



)-NHCO\ 

R (OCH 2 CH 2 ) q NHCQ/ V-NHCO (CH 2 ) n NH 2 (IB) 



R (OCH 2 CH 2 ) q NHCO 



wherein n is an integer of 1 to 8, q is an integer of 2 to 6, and R represents galactose, glucose or N -acetylgalactos- 
amine, 

H 2 N-(CH 2 ) n -NH-CO-T (IV) 
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wherein n is an integer of 1 to 8. and V represents a residue of a polyamino acid excluding its terminal carboxyl 
group; said physiologically active protein being one into which dansyl cadaverine can be introduced when 10 jiM of 
said physiologically active protein and monodansylcadaverine in an amount of 100 equivalents per 1 equivalent of 
said physiologically active protein are kept at 37°C for 60 minutes in a 100 mM Tris-HCI buffer containing 10 mM 
5 CaCI 2 and having a pH value of 7.5, in the presence of the aforementioned transglutaminase. 

2. The method of modifying protein according to claim 1 wherein said physiologically active protein is a fused protein 
in which a peptide is introduced at the N-terminal or C-terminal or an amino acid sequence of the original physio- 
logically active protein having a molecular weight of from 5 x 10 3 to 2 x 10 5 , said original, physiologically active pro- 

w tein being one into which dansylcadaverine is not introduced when 10 u,M of said original, physiologically active 
protein and monodansylcadaverine in an amount of 100 equivalents per 1 equivalent of the last-mentioned protein 
are kept at 37°C for 60 minutes in a 100 mM Tris-HCI buffer containing 10 mM CaCI 2 and having a pH value of 7.5 
in the presence of transglutaminase, and said peptide comprising 3 to 20 a-L-amino acid residues and containing 
at least 1 glutamine residue, and being one into which monodansylcadaverine can be introduced when 10 ^M of 

is said peptide and monodansylcadaverine in an amount of 1 00 equivalents per 1 equivalent of said peptide are kept 
at 37°C for 60 minutes in 1 00 mM Tris-HCI buffer containing 1 0 mM CaCI 2 and having a pH value of 7.5, in the pres- 
ence of transglutaminase. 

3. The modification method according to claim 2 wherein said fused protein is one in which said peptide is introduced 
20 at the N-terminal of said original, physiologically active protein. 

4. The protein modification method according to claim 1 wherein said physiologically active protein is one into which 
1 to 2 molecules of dansylcadaverine can be introduced per 1 molecule of said physiologically active protein when 
10 fiM of said physiologically active protein and monodansylcadaverine in an amount of 100 equivalents per 1 

25 equivalent of said physiologically active protein are kept at 37°C for 60 minutes in a 100 mM Tris-HCI buffer con- 
taining 10 mM CaCI 2 and having a pH value of 7.5, in the presence of transglutaminase. 

5. The protein modification method according to claim 1 wherein p in said general formula (I) or (II) is an integer of 
100 to 300. 

30 

6. The protein modification method according to claim 1 wherein q in said general formula (III) is an integer of 2 to 4. 

7. The protein modification method according to claim 1 wherein the polymerization degree of polyamino acid in said 
general formula (IV) is an integer of 1 to 400. 

35 

8. The protein modification method according to claim 1 wherein said alkylamine-introduced polysaccharide or said 
modified product thereof has an average molecular weight of from 1 KDa to 100 KDa. 

9. A modified protein obtained by the method according to any one of claims 1-8. 

40 
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Fig. 3 A 
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